One hundred twelve crossbred feedlot heifers were used in two experiments to assess the impact of heat stress and its relief by shade and(or) water misting on behavior, physiology, performance, and carcass traits. Treatments were 1) no shading or misting (CONT); 2) only misting (MIST); 3) only shading (SHADE); and 4) shading plus misting (SHMI). Head in the feed bunk, head in or above the waterer, walking, standing, and lying behaviors were observed. Rectal temperature, respiration rate, and carcass traits were measured, as well as DMI, ADG, and feed:gain. Dietary NE m and NE g concentrations were calculated from performance data. In Exp. 1, (32 heifers; average BW 288 kg) the CONT heifers spent more time lying down than all others (P < 0.01). In addition, CONT heifers spent less time (P < 0.01) standing than SHADE and MIST heifers. Misting decreased (P < 0.01) rectal temperature and MIST as well as SHADE lowered (P < 0.05) respiration rates. In Exp. 2 (80 heifers; average BW = 336 kg), lying and walking behaviors did not differ among
Introduction
Chronic heat stress can substantially affect beef cattle productivity (Hahn, 1999) . During hot periods, cattle 2327 treatments, but shade increased (P < 0.01) standing behavior in heifers. The MIST cattle performed less (P < 0.05) head-above-waterer behavior than unmisted cattle. Rectal temperatures did not differ among treatments, but respiration rate was lower in shaded than in unshaded heifers (P < 0.05). Shaded compared with unshaded heifers had greater DMI (9.46 vs 8.80 ± 0.14 kg/d, P < 0.01) and ADG (1.6 vs 1.41 ± 0.1 kg/d, P < 0.01). Heifers provided with shade reached their target BW 20 d earlier than the unshaded heifers and differed in final BW (547 vs 520 ± 6 kg, P < 0.01). Feed:gain and calculated NE g and NE m concentrations did not differ among treatments, and carcass traits were generally similar among treatments. In conclusion, cattle without shade had a physiological and behavioral stress response to heat that negatively affected productivity. Providing shade for beef cattle was a suitable solution to decrease heat stress and to lower the negative effects of heat on performance, whereas misting was largely ineffective.
show signs of disrupted behavior, impaired physiological functions, and an increased incidence of morbidity (Hahn and Mader, 1997) . A coping strategy of cattle during heat stress is to decrease metabolic heat production by lowering feed intake, which adversely affects productivity. Environmental modifications can help maintain feed intake and even decrease the heat load. Ray (1991) summarized several environmental modifications (shading, sprinkling, misting, and fogging) to cool heat-stressed beef cattle in Arizona and California. In West Texas, these cooling modifications are generally not used in commercial feedlots because they are not seen to be cost-effective; hence, the efficacy of cooling techniques has not been determined in West Texas. Our objectives were to determine the effects of shade and(or) water misting on behavior, physiology, performance, and carcass traits of feedlot cattle during hot summer months. The FASS guide (FASS, 1999) states that direct wetting of cattle during heat can be a very effective practice to lower heat stress. However, we hypothesized that misting feedlot cattle with water was less effective to decrease heat stress in feedlot cattle than providing shade.
Materials and Methods

General
The experiments were conducted at the Texas Tech University Burnett Center experimental feedlot in New Deal, TX over a period of two summers. Experiment 1 took place from September 20 to October 17, 1998 and Exp. 2 from June 23 to October 13, 1999. Animals were housed and used in accordance with the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 1999) , and the Texas Tech University Animal Care and Use Committee approved the project.
The 16 pens that were used for both experiments had concrete, partially slatted floors and a pen area of 18 m 2 . Waste fell through the slatted floor and was collected in flush tanks at the end of the alleyway. Fences were built with metal pipe construction and secured to the concrete floor. A concrete feed bunk was located on one end of each pen and one water trough, with float-activated water supply, was shared by two pens.
Treatments were arranged factorially and included 1) no shading or misting (CONT), 2) only misting (MIST), 3) only shading (SHADE), and 4) shading and misting (SHMI). The same treatments and pens were used for both experiments. Ten pens (eight treatment and two buffer pens) were shaded with black polypropylene shade cloth that occluded 80% of light. The buffer pens were covered with shade to ensure that the shaded treatment pens all received the same amount of shade at any given time. A polyvinyl chloride construction was built to allow the shade to cover twothirds of the area of the experimental pen, and the shade material was fixed at a height of 3 m (10% slope) from the slatted floors. Conventional water misters were used that were located between every other pen at a height of 1.4 m. They delivered 0.5 L of water/min, with a droplet diameter of 50 m. Misters were turned on when ambient temperatures exceeded 32°C and kept operating until temperatures dropped below this temperature threshold. This procedure was performed during the experiment to follow the standard operating procedure of the experimental feedlot for heat-stress prevention. The misters were turned on for 24 d in September and 14 d in October 1998 and for 29, 30, 21, and 15 d in July, August, September, and October, 1999, respectively. The Burnett Center feedlot is situated in an area with dry steppe climate, hot summers, and mild winters. Mean annual precipitation is 465 mm, with most of the precipitation occurring from April through October. Weather data including precipitation, wind speed and direction, relative humidity, solar radiation, and aver- age minimum, average maximum, and average temperature were recorded at the site by a weather monitoring station (Campbell Scientific 21X Micro Logger, North Logan, UT).
In both experiments, the heifers were individually weighed and identified with ear tags after their arrival at the experimental feedlot. Animals were then placed in three large dirt-floored pens where they stayed for 3 wk to adapt to the high-concentrate diet.
In Exp. 1, 32 Charolais-crossbred heifers, approximately 10 to 12 mo of age, were randomly assigned to 16 pens with two animals per pen. The feed was a 90% concentrate diet (Table 1) , fed once daily (approximately at 1000), and water was available at all times. The focus of Exp. 1 was on behavioral measures, hence the cattle were only on feed for 28 d.
In Exp. 2, a total of 80 heifers were used, of which 48 were Angus-crossbred and 32 were Charolais-crossbred heifers to determine the effects of coat color on heat stress. The same pens as in Exp. 1 were used in Exp. 2, but with five rather than two heifers per pen. All animals were 10 to 12 mo of age and came from a single source in California. Before transport from Bovina, TX, they were implanted with Ralgro (Schering-Plough Animal Health, Union, NJ), and received injections of vitamins A and D (Bayer Animal Health, Kansas City, MO), Vision 7 (Bayer Animal Health, Kansas City, MO), IBR/ BVD (Pfizer Animal Health, Exton, PA), and Dectomax 1% (Pfizer Animal Health).
In Exp. 2, the heifers were weighed, randomly selected, and divided into their pen groups following stratification by breed and BW. Every feedlot pen included three Angus-crossbred and two Charolais-crossbred heifers. On d 56, heifers were reimplanted with Revalor H (Intervet Animal Health, DE). Animals were fed a 90% concentrate diet ( 
Carcass Traits
No carcass traits were measured in Exp. 1 because the study ended before the heifers had reached slaughter weight and condition. In Exp. 2, 77 out of the initial 80 heifers were used for carcass measures collected at d 131. Two heifers were euthanatized after injury (one heifer from CONT and one from MIST), and one heifer from SHMI was removed from the study because of severe diarrhea.
Carcasses were chilled at 0°C for approximately 36 h after slaughter, at which time carcass characteristics and USDA quality and yield grades were obtained. The carcass measurements were actual and adjusted preliminary yield grades (mm), kidney, pelvic, and heart fat (%), longissimus muscle area (cm 2 ), and hot carcass weight (kg).
These measurements were then used to calculate the final yield grade following this regression formula:
where FYG = final yield grade, APG = adjusted preliminary yield grade, LEA = longissimus muscle area, KPH = kidney, pelvic, and heart fat, and HCW = hot carcass weight. The actual preliminary yield grade described the amount of external fat on the carcass based on thickness of fat over the longissimus dorsi muscle. This value was then adjusted, when necessary, to reflect whether the carcass showed unusual amounts of fat elsewhere, and this measure was referred to as adjusted fat thickness. The kidney, pelvic, and heart fat included kidney knob, lumbar, and pelvic fat in the loin and round and the heart fat in the brisket and chuck area. The longissimus muscle area was measured by means of a grid. The hot carcass weight was the weight of the carcass as it exited the slaughter floor to be chilled. Carcass data also were analyzed with and without hot carcass weight as a covariate to determine whether differences in HCW affected other carcass measurements.
Behavior
Before the main behavioral observations started in Exp. 1, a pilot study was conducted to determine the necessity of behavioral observations at night. Because heifers primarily showed lying behavior during the night, only daylight observations were conducted in both experiments. Therefore, the behaviors, standing, head in the feed bunk, lying, drinking, and walking, were measured during the daylight hours in both experiments. Standing was considered to be an inactive upright posture (no locomotion). From the video recorder and also during live observations, it was impossible to distinguish between feeding and merely standing at the bunk. The feed bunk provided some minor means of shade and at times the cattle stood at the bunk to seek shade. As a result, the behavior, which involved both feeding and shade seeking (for CONT), was defined as "head in the bunk." Lying was defined as body contact with the ground, and drinking, with the same challenge as feeding, was defined as the head over or in the water trough. Walking was defined as any change of body location within the pen.
Each of the 32 heifers in Exp. 1 was continuously video-recorded (Panasonic camera-Model WV-CP412 and Panasonic video cassette recorder, Model 6730) for 12 h (0800 to 2000) over 3 d in September 1998. The observations were conducted from 0800 to 2000 because of the light conditions, which were insufficient before or after this period. Two trained persons viewed and analyzed the 1,152 video-hours in 10-min scan sampling intervals using the Observer software (Noldus, Netherlands). Observer reliability was measured before video analysis was performed, using the "Reliability Analysis" function in the Observer software. Agreement between the two observers was approximately 94%. Data were expressed as a percentage of observations engaged in each mutually exclusive behavior (one animal can only show one behavior at a given time). These techniques were previously validated in our lab (Mitlöhner et al., 2001) .
In Exp. 2, two trained persons measured behaviors by live observations each month throughout the experiment. During the daylight hours (0800 to 2000), the five behaviors of the 80 heifers were directly entered into a PC spreadsheet at 10-min scan intervals. As before, data were expressed as a percentage of time of total observations.
Physiology
In both experiments, rectal temperatures of the heifers were measured during the weighing procedure in the squeeze chute using a digital thermometer (GLA 4120 Horizon Ln, San Luis, CA). In Exp. 1, rectal temperature was measured once per week (at approximately 1000), and in Exp. 2, once per month (at approximately 1000). The digital thermometer was compared to a standard mercury thermometer to test for accuracy and only a low deviation was found (0.05°C).
In both experiments, respiratory rates were measured in two heifers per pen once weekly (at approximately 1300) by counting the animal's flank movements 
Experimental Design and Statistical Analyses
In both experiments, a completely random design was used with a 2 × 2 factorial arrangement of the four treatments: 1) no shading or misting, 2) only misting, 3) only shading, and 4) shading and misting. Four replications (pens) were used per treatment in both experiments. For all performance and carcass measures, as well as for rectal temperature, the model was a completely random design with a 2 × 2 factorial arrangement of treatments. The GLM procedure in SAS (SAS Inst. Inc., Cary, NC) was used for analyses. The model included the effects of shade, misting, and shade × misting with the pen as the experimental unit.
Respiration rate was analyzed as a split plot in both experiments to determine the day effect. In Exp. 2, breed type and breed type × treatment interactions were included in the analysis, again with the pen as the experimental unit. The error term was pen within shade × mist × breed type.
For behavioral data, the model included shade, misting, shade × misting, day, and time of day. Duration (per hour) of each behavior was converted to a percentage of the total time per hour, and these percentages were then square root-arcsine transformed to achieve a normalized distribution. Transformed behavior data were analyzed as a completely random design, with a 2 × 2 factorial arrangement of treatments, in a split-split plot. The first split represented the monthly observations and the second split represented the time of day. For all measures, the predicted difference test in the GLM procedure in SAS was used to separate means when the overall F-value was significant (P < 0.05).
Results
Climatic Measures. Summers in West Texas are generally characterized by hot daytime temperatures and relatively cool nighttime temperatures. Table 2 shows climatic measures on a monthly basis during the two experiments. The air temperature exceeded 32°C almost every day in July, August, and September and cooled down remarkably in October. The relative humidity was approximately 30% at daytime and 80% at night.
Performance. In Exp. 1, only ADG was analyzed and no differences between treatments were detected (Table  3) . However, these ADG results are of limited value as a result of the short-term nature of this first experiment. The overall performance results of Exp. 2 are presented in Table 4 . After stratification and random (Figure 1 ). Daily DMI was 7% greater (8.80 vs 9.46 kg/d, P < 0.01) in shaded vs unshaded heifers. As would be expected from differences in BW, ADG was 11.8% higher (P < 0.01) in shaded vs unshaded cattle (1.41 vs 1.60 kg/d), and feed:gain was 6.3 vs 5.9 kg (unshaded vs shaded heifers, P = 0.086). Calculated NE m and NE g for the diets were similar among treatments. Water misting had no effect on performance (P > 0.10) and no interactions (P > 0.10) between misting and shading were found for performance measurements.
Carcass Traits. The HCW of shaded heifers was 16 kg greater than that of unshaded heifers (322 vs 338 kg; P < 0.05; Table 5 ). Actual fat thickness and adjusted fat thickness were higher (P < 0.05) among shaded than among unshaded heifer carcasses. The KPH, LEA, USDA quality grade, and USDA yield grade did not differ (P > 0.10) among treatments. Carcasses graded on average low Choice (small marbling). When analyzed with HCW as a covariate, carcass traits were not affected by treatment.
Behavior. In Exp. 1, neither shading nor misting had significant main effects on behavior, but the shade × mist interaction influenced standing and lying behaviors (Table 6 ). The CONT heifers performed approximately half the standing behavior (17% of the total time) of MIST (34%) or SHADE (39%) heifers. In contrast, CONT heifers spent more (P < 0.01) time (62%) lying than MIST (46%), SHADE (44%), or SHMI (51%) heifers. Head-in/above-the-bunk, head in/above waterer, and walking behavior did not differ among treatments.
In Exp. 2 (Table 7) standing behavior was affected by shade (P < 0.01) and head over or in the waterer behavior was affected by mist (P < 0.05). Lying, standing at the bunk, walking, and social behaviors did not differ among treatments. Percentage of time lying, head in/above the bunk, as well as head in/above the waterer differed among all treatments among observation days (P < 0.01).
Physiology. In Exp. 1, misted heifers had lower (P < 0.01) rectal temperatures than unmisted cattle (Table  3) , but in Exp. 2 rectal temperature did not differ among treatments but differed between breeds. Angus-cross heifers had slightly lower rectal temperatures than Charolais-cross heifers (39.6 vs 39.9 ± 0.04°C, P < 0.05).
In Exp. 1, the average respiratory rate was lower (P < 0.05) among misted than among unmisted heifers (Table 3 ). The lowest respiration rate was noted for SHMI heifers and the highest for CONT heifers (P < 0.01).
In Exp. 2, main-plot analysis (Figure 2 ) showed that MIST heifers had the highest and SHMI heifers the lowest average respiration rate (P < 0.05). Respiration rates in SHADE and CONT did not differ. Over the period of 12 wk, respiration rates showed fluctuations Quality grade: 200 = low Select, 300 = Select, 400 = high Select, 500 = low Choice, 600 = Choice.
( Figure 3 ) and were lower for the first 9 wk for shaded than for unshaded heifers (P < 0.05). At the end of the study in October 1999 (wk 10 to 12), respiration rates were the same for shaded and unshaded cattle. The results of the analysis of the effect of breed on respiration rate are presented in Figure 4 . Charolais-crossbred and Angus-crossbred heifers showed similar respiration rates when no shade was provided (98 vs 95 breaths/min). However, shade decreased respiration rate more (P < 0.01) for Charolais-cross than for Anguscross heifers (80 vs 73 breaths/min).
Discussion
Heat stress is known for its potential to affect mortality and performance by cattle. During a heat wave in the midwestern United States in 1995, over 4,000 cattle died because of direct effects of the heat (Hahn and Mader, 1997) . Economically, these animal deaths caused direct losses of $2.8 million, but indirect costs were an additional $25.2 million from decreased performance. Several review papers (Morrison, 1983; Hahn, 1995) , concluded that performance effects are mainly a result of a decrease in DMI, which generally occurs Table 6 . Least squares means (% of observations), pooled standard errors (SEM), and probability values of behaviors for heifers exposed to hot weather (Exp. 1) Means within a row with different superscripts differ (P < 0.05).
when ambient temperatures exceed 25°C. Morrison and Lofgreen (1979) studied beef cattle responses over 84 d under controlled conditions (climate chamber) by using three different climatic regimens (20.3, 24.1, and 29.3°C). The difference between the higher and lower treatment groups (20.3 and 29.3°C) showed heat stress induced decreases in DMI of 11%, ADG of 15%, and feed:gain ratio of 7%. Shaded vs unshaded heifers in the present study showed a decrease in DMI of 7%, ADG of 11.8%, and feed:gain of 6%. The biggest difference between the controlled-conditions study of Morrison and Lofgreen (1979) and the present field study was found in DMI, whereas differences between stressed and unstressed cattle in ADG and feed:gain did not differ between the two studies. Lofgren et al. (1973) studied the effects of sprinkling (not misting) in 30-min intervals when ambient temperatures exceeded 24°C on beef cattle and found increases in DMI and ADG of sprinkled vs unsprinkled control animals. In contrast, water misting in the present study did not affect performance of heat-stressed cattle. We speculate, and this is supported by the FASS guide (FASS, 1999) , that sprinkling might be more effective than misting at ameliorating the effects of heat stress. Means within a row with different superscripts differ (P < 0.05).
Fine water droplets cling to the outer hair of the cattle's coat and hardly reach the skin. This might build up an insulation layer (air between skin and wet outer hair), which could act as an evaporation barrier.
Compensatory growth is known to occur after feed restriction (Yambayamba et al., 1996) and is generally expected to occur after periods of heat stress in cattle. Hahn et al. (1974) studied compensatory growth under thermoneutral (20°C), high (30.9°C), and very high temperature conditions (37.7°C) in climate chambers. They reported that heifers stressed at 30.9°C showed compensatory gains 2 wk after the heat stress was relieved. Heifers under severe heat stress conditions (37.7°C) did not gain at all during the heat, and after the strain was over they showed growth curves parallel to those of the unstressed control animals (no compensatory gain). In our Exp. 2, shaded heifers showed consistently higher BW than the unshaded ones. From d 112 until d 131 the difference in BW was not increasing, but both BW lines ran parallel (Figure 1) , which confirms the findings of Hahn et al. (1974) that compensatory gain and full recovery does not occur after long-lasting, severe heat stress conditions. In the same study, Hahn et al. Figure 2 . Least squares means and pooled standard errors of respiration rates (RR, breaths/min) in Exp. 2 (n = 4 pens/treatment). The SHMI was shade and mist treatment, SHADE was the shade treatment, MIST was the mist treatment, and CONT was the control. Least squares means with different superscripts differ (P < 0.05).
(1974) also found differences in BW of 20 kg between stressed and unstressed animals after a heat stress period of 42 d followed by a 14-d recovery period. In our study, the difference in BW between shaded and unshaded heifers was 27 kg at d 131, and the unshaded animals never showed compensatory gains. Thus, the controlled chamber work of Hahn et al. (1974) was confirmed and extended in our work in a feedlot environment during hot weather. Clearly, the summertime heat loads in the present research (Table 2) were sufficiently extreme to lower performance (ADG) to the extent that cattle could not compensate over the 131-d trial (Figure 1) . Hahn et al. (1974) , in their climate chamber studies, found 0.5% less kidney, pelvic, and heart fat in heatstressed than in control steers. Heavier carcass weights were expected in our Exp. 2. However, these differences did not lead to differences in the USDA yield grade. In our study, conducted in a feedlot environment, carcass traits were largely not affected by heat stress. Under the conditions of an experimental feedlot with very limited space allowance per heifer and no environmental enrichments, behaviors are mainly limited to maintenance behaviors such as feeding, drinking, walking, standing, and lying. No behavior studies of cattle under comparable experimental feedlot conditions have been reported in the literature, but in commercial feedlots heat-stressed cattle are known to excessively increase standing. Results for standing behavior were not consistent over the two experiments of our study, but excessive standing was not found among control cattle compared with shaded cattle. It proved difficult to measure feeding behavior, because the unshaded cattle sought shade by placing their heads in the feed bunk. Therefore, head in/over bunk behavior was not only feeding but also shade-seeking behavior. Similarly, head in/over water trough behavior did not only describe drinking but also body splashing with water. Heat-stressed cattle in feedlots are known to increase drinking and body splashing, but again such results were not found in the present study. Altogether, the behavioral measures in our study were not suited to detect differences in response to heat stress across treatments; one main reason might be the small pens, which limited behavioral adjustments.
A principal obstacle in the methodology of obtaining rectal temperatures was that the animals had to be handled in the working facilities of the experimental feedlot to take the measurements. This process might have affected rectal temperature and confounded the results. A better method of measuring body temperature would be to use data loggers, which can be internally attached into the rectum, vagina, or ear. Hahn (1989) , Hahn et al. (1990) , and Nienaber and Hahn (1991) made use of data loggers to measure tympanic temperature. This method was mainly being used for the study of the biological background of dynamic responses of animals to heat stress. Other authors have measured rectal temperatures under controlled climate chamber conditions, in which they had constant access to the animals (Olbrich et al. 1973) . Spiers et al. (1994) compared different breed types (Angus, Romosinuano, and their F 1 cross) with respect to physiological responses to heat in climate chamber studies. Angus cattle were more sensitive to heat than other Bos taurus breeds. In the unshaded treatments of the present study the respiration rates between Charolais and Angus were similar, but under shade respiration rate was lower in Charolais than in Angus heifers. Lee (1953) gave two interpretations for differences in respiration rate between breeds: 1) the animal is indeed more stressed and responds with an increase in respiration rate, and 2) the animal with the higher respiration rate might be more sensitive to heat, and the response of an increase in respiration rate might show a superiority in heat regulation. However, average respiration rate levels of near 100 breaths/min or above, as they were measured in MIST and CONT of Exp. 2, must be viewed as severely elevated and not adaptive.
Implications
Heat stress negatively affects production of feedlot cattle in West Texas. Under West Texas summertime heat, shaded cattle reached their target BW 3 wk earlier than their unshaded peers. This effect of shade led to a financial profit of approximately $18 per heifer during the summer. In this study shade had no effect on carcass quality. Misting did not provide measurable relief from summer heat stress. Measurement of respiratory rates provided noninvasive and practical assessment of heat stress in feedlot cattle under field conditions. In general, shade is recommended for the improvement of wellbeing in the animal and to increase profits of the operation.
